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I’hc Advamxi Spacxhrw Thmnal Itmiwion  and Rcflwtion  Rrrdiomctcr  (A SrlliR)  is dcsigmd  to provklc
a high ruolutim map of the Iiatlh in both visihlc,  ncw-inflaled,  and lhu mal spcc.lrdl rcp,iom of the clcclromagmiic
slwctruln.  I’hc AS1’li.R  Sciclm TtMIn has dcvclopul  scvclal  stathtd  dfita ploduct  algorithm,  but the, most  comp]cx
and c.omput ing-intcmsivc of {hc,sc is the Mimat ion of surface  radiatm and rcflcctamw  val UCS, which is done by
mmfcling ald corre.c!inp,  for Ihcj effects of 11)0 atmosphere. The algorithm for atmospheric umection  ill the visitdc
hands sensed by ASTIiR calls fm the usc of’ a very large  At mosphcric  Correclim 1.ook Up I’able (A CLIJ-J”).  ‘1’h!
AC1 ,tJT contains Cocfficicnts which  dcscritm  a[lnosl)lwi  ic. effects on A S’1’lIR da[a utdcr  various conditions. ‘f%c
pammctcm used to charactcrim  the, atmosphere and its cffcc[s oI~ radial  ion in the, ASTI if< bands inc] udc aerosol and
molcmlal  optiml depth, acroso] size. distrihutim,  sit]p,le  scat[cl  inp, al bcdo, and Solar, ]miir view, and a~imu(ll  ang]cs.
‘I”hc  A(3 [J-l’ coefficients arc pruduccd by thousands of ru~s of a Radiative Transfer CoLic (RTC) prosl am produced
by Phil Slatm and KM Ihomc of U. of A. Ihc final version of the AC1 ,LJ7’ is expcc[cd to bc in the neighborhood
of 10 Cligab>@s.  The RDIIMS Syba.scc  is used tt) n]anagc IIIC pI occss of gcnewat inc t hc AC1 .LJT as WCI I as to host
the tal~lc and scrvicx  queries on it. (jucrics  m the table arc made using ASI”lW hand number and seven
floating-poinl  values as keys, ‘lhc ffoatinp,-poillt  keys do not necessarily cxacIly  malch  kcy va]ucs in the database,,
so Ihc qucly involves a hierarchical closest-fit scalch.  All as])cds of taldc i]]~l~lc~ll~cl~~ati[)l~  are dcscritmd.

Kq’wolxls: ASTER, atmospheric corrcc{im~,  sybasc,  relational data base, query, RI)[IMS, look~lp
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J,_ OVNI{VI  IW ()}/ A S’1’lttl

I’hc Adwrnccd  Spacclmmc Thcmal  Ihission  ald F@fltwtion  IGatiiomclcr  (AS1’ItR)  will tw onc of the.
itlslrumcn(s  lmsIcd ml the 10S AM-1 plat fmn, [hc fiIsI sjxrcccxirf[  of a swim to bc lawdcd  as patt of NASA’S }Mt(h

OIIScIviI)g,  Systc]n (f@ S). ASI’E;R is lwil~~ hilt  in Japan undc] the auspices of the Ministry for lntcmatioml  ‘Ihdc
and lndmty  (M I’ll), in cmrpc,rat  ion with NASA.

AS1’IiR will IN the only high spatial rc>solu(ion  imap,ing  ii]s[rmmnt  OD the AM-1 s~wccraft,  It will CO1lC,CX
dala in visible, shortwave infrared, and thtvmal  infrart~,d  wavelengths, AS’I’ER’S dala will contribute uniquely to
stxmal  areas of invcsligation,  including st[[tiic.s  of land usage, sutfacc comlmition  and distrih[ion  of minc~a]s,  soil
c.haractcristics,  cffcc.(s of coastal erosion,  chal)p,c.s  in sca ICVCJ, sea ice. proccsscs,  and cloud chartictcristics,  TIN
thermal bands ill AS1’ttR will allow detailed sludics of swfacc tempc~a[tlrt:, radiation balance, vcgciation,  soils, and
cva]wra[ion  and cvapot  rmspirat  im pmcxxscs  in addition to volcanic  IMOCMWS,  II) adtlil ion, ASTER has a backward-
looking  t thcopc which pmvidc,s  a slcm ban(i, enabling  t IN pm.luctim of l~igh-rcsollit  ion, hi~h-q ua]it y Digital
likvation Models (DIiMs).

‘lhc AS’I’l!R inslrmcnt consists  of tht cc scparm sulxystcms or tclcscopcs:  Ihc Visildc  and Near lt]fr’arcd
(VNIR) subsystcm,  the SImrlwavc  lnfrarcd (SW] R) suhys(cm, and the Thcmal  lnfralcd (TIR) sIIlxystcm.  l’hc

Table 1 (from rt>f, [ 1]) - (Maructcrisfics of A STER’S  tcle,scopes

Qilantizalion  (bits)—..—. —. ——..

\rffI1/ ‘ - ”

1:0,52-0.60
2:0.63-0.69
3N: 0.76-0.86
311: . .76- (3.86

Is ‘“”——.. . ..-— -.
6’2

~ /-24
—.———— . .
60

.——. —— ----
8 — .  .——-— —____

—.—.
SWJ R

4: 1.60- 1.70
5: ?.145 -2.185
6:2.185- 2.22S
7:2.235-2.285
8:2.295-2.365
9:2.360-2.430

30

23

{/-8.55

60

8
———

–..-—
‘1’1  R

10: 8.12S -8.475
11:8.475-8.825
12:8.925-9.275
13: 10.?5 - 10,95
14: 10.95- 11.65

-- ————. —.--— .-. -..
90
—. ——... ——
4.2

—.. —-——-—__—,
d/-8.55

60 ‘—

12
—-. — . ..— . .

MOSI  Of the data prodwjs which will hc gmmti[cd  from ASI’11.R  data tlcpcIKI  hcavi]y on accuratc]y  compelling, and
cwrtcctillg  cfftzls  of the ammsJhcre  on the data, ThcIe aw IWO algorithms used for’ this puqmc;  cmc works on data
fl onk tlm ‘l-l R tc]cscopc, and the. othtv is INNI to pruwss  the data fmm Ihc VN1 R and S W1 R tclcscopcs.  TIw
At mosphcric Gm cct ion 1 mkup  I’able (AC1 ,lJ’I’)  is cmployxl  it] this latter al~oritlm~,  which  is dc.scribxl  in tile
fd lowil]g  sect ions.
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2. TJl lt_flMOSPJl  ltJtl(: Col{RIIXYlf}N  (\TNll{/SWll{)  Al,f;OI?I’1’11~

‘Jhc Iodiups  and MOD’1’RAN  runs alc pet fumed for a sIIbscl  of the ]mttims  withil]  the sCCJIC. ‘lhcw

lcut  ions arc rcfcrrcd lo as gridpoints  for MOIJ’1’RA  N and gt id-eel Is for qlwrics  ill t hc AC1 ,LJT. The t w<] grids  Hrc
indcpcndcml  of OJN aJK)thCl  and call have di ffcrcnt  rcso] u~iwls, ‘1’hc  density of gridpOints/cCl[s  is based m the,
rcsolul  im of the available cxlcmal data sets. I’hc MODTRAN grid will p,cilcrall  y bc sclcc[cd  to n~atch the, grid of
the sclcc(cd  wamt-vapw  profile data set; data flm~ the Modcra~c Rcscdut ion imaging Slwctrc)radic)l~~cter (MOIJIS)
insttumm~t  is the prcfe.lrcd scmrcc,. I“hc AC1,tJ’I’ grid is bawd m) cm of the acrmd-rc.lated  data sets, mm likely
ffom the Mulli-Angle imaging Slwcttc)radi(~l~~ctcr  (MISR) it~strulncnt, ‘1’ypic.al grid sixes  could bc 15 kn~ rcsolutim
for the MOIYJ’RAN gtid and 5 km for the ACllJ’1’  grid,

Then for each ACLIJ’1’  grid-ccl], a qwwy is miidc  to the datal}asc, ‘1’hc  rcslllls  of lhal  qLICJy arc mcd in
cmjcc[ing  all pix(~ls in the ~J id-cdl. I;kJch  talk kd-mp rctum at) “amsww” Ihal cnl~sisls  of 1 WC) GOI  unms of data, OJW

for t~)]~-of-a!l]~os]}]]c,re”  radiatlcc,  and OJK fm s~lrfacc  J’adiatwc. A third columtt,  surfac.c rcflcctancc,  is cmlstant
thtouglmlt  t h e  AC] ,(J’]’ simc rcfleclatwc is  at) in]ml  to t h e RT~ w h i c h  gcmcralcd  lhc tah]c. TIICJ
MOI>l’RAN-cc)rrc:ctcd  tc}]~-c~f-all~lc)s]~llcl  c r’adiallccs arc mcd to it]terpolatc  to the cwrmct offset into the tc)p-of-
atttmsphuc  radiat~ce cnllm}ll  yielded by the query. ‘Ihc same offsc(  is used in the surface rcfJcctancc  and sutfiacx
]adiat)cc  columns.  A final adjust tncnt to surfacx r~ldiance,  is made using DIih4  slope data,

3. ‘1’Jilt S()[JR{:l;  OJ~ ‘1’Jilt J) A’I’A  JN ‘1’111~  ‘J’AIII,E—.— ——.  . . . -
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TIN vulical  disltilm[iml  Of acmscds  fcdlmvs  the 1 C)76 U.S. Statldard  attncwp}wrc. Cims  clOmis  arc ttcatcd
m amscds dislritmcd  thmuglmut  the at mmphcm instead Of in ntin  mv laym. 111 thr. case Of a large volcanic
crup{icm,  the. look-up  table will Ix) rcgcmrated  usinp,  a wmical  (JisttitNlt  ion based upon measured data. RcgJ,cmcrat  ing
tlm tal}lc  will came delays in the. pmxxsi  ng of smnc data SC(S, INII this  is prcftmcd to gcncraling  cxt la table cases
which may ncvm bc nccxwsary.

TIN RI’C is nmnochromat ic, so band absorpt iw) can OIIl y IK handled approxima(cly.  A twc~rpticul  by

gmtx)us  cm~~titucnw is found fmm a modific.d  vmsim of h40DTRAN. Columnar  anmum of absml)il]g  gases  will
be ohtaiml frm MODIS wJ~icl) is also on the }OS-AM 1 platfot m A Iwmate smmns  of data arc bcil~r, invcstigtitc.d
in the. case of lnissing  dala from MOI)IS  m MISR.

‘f’hc  R1’~ is imJhutmted in }~w’tral~, I’he prqyam takes several inJmts,  ilwluding  wave’lt-’n~th, Jut)gc
partinmtcr (a, k, a, actmcd si~c disti ibut ion), ]cal and imaginaly  indcxm of rcfrtictionj  and minima, maxima, and deltas
for each of aerosol  oJM ical kpth, mo]cxxIh  opl ical dcplh, nadil  view allg]c,  azimuth ang]c, and scdai mnit  h anf?,lc.
I’hc.  ]Mop,mtn  c4mIpLItcs  a value of sing]c scatlw al [do based w] t hc rt!al  and ilnaginary  indexes of rc>f[act ion. I’hc
prop,  tam’s  mail)  mtJmls  arc atmmphcric  nwdcls, [me. for cvct y cnnbinat ion of the. il~J)lll  va]tms wJlich vary. liach
mode] is a table of 11 rows aud 3 COIUIUIK  ‘IIK first  column contains rcflwlancx  WIlucs. lhis  c.oluIun is constant
il) all models  - it contains the valms 0, .1, .2, . . ., .9, 1,(J. Tlw second column  is surfttco  radiance, and Ihc. third
contains IIK cwrjcs]xmding at-satellite  ]-adiatm, III cm cclinp,  a ladialic.e  v~lm chewed  by the imstnlmcnt  a mode]
is used as follows: Joca[c the obsmwd val uc in the at -sate.lli(e ladianc.e column, thus  selecting a IOW in the tab]c.
Ihc va]uc in the sut’face radianc~  CL) INIHII is the p,IoMd  mdial}cc  that wmld have prc)duccd  the observed at-sa[c]]itc
radiatm value given the attuosJhcric  and gcwmct ric cw~dilim~s  used in p,cmrat  il~g the model. Simi Ial I y t ho sulfacc
~ cflcctatm value would have hem the tt (w rcflcctancc  of the sut[acc ill cmlu fw the cdwmwd  rtidiamt  to i )c.
pmductxl  by the surFaw radianc~  undc,r  tlic cmditims assumed  by the model. lt~ J)IWliCC, Jimat  inle]lwlation  is used
to calc,ldatc  a low ill the mock] which colJ’csJmIKfls  10 I]IC Okl W d tit-satcltitc  radiance value lmca~lw  the observed
at-sn[cllitc  radiance  will rarc]y match  a value in the nmdcl.

4



—. —— -—__ ..— —— .—— - ..—.
TopLQv.el&r@nletemN_–._ _ .

I_. . . . .

Aerc]sol Sj zel)j strjbut  jon

S;jr]gl eSc;ittc]Alt)cclc]

l’c)~)l,evc llriclex —–– . . . . — .
1

rifle*ncesCduiun  - _ . .

Nun,},  erOfRc’frec Lanc:es

Rcflecta/]ceVal tics ( 1 1 )

. .

urfaccRadiancixiN
7,0JIWVCJ  ]ndex

A C I c)sc]lo~]t  ] call] q]tt]

m,] ccl]]  ar opt ) Cal  I)epth

Solc8r7er,]t},Ar]gle

RacliaT]ceValues ( 1 1 )

S[]rfac:ef{c,  cljcll]ccl{, clex —--
I

I t<,
“!  !! y

L
[_._. ._.. -.-. -_ . . .._.

L’mLtiL1uQrw!i3  nww_...
--– ● sL1l-fa [:c. Racll?l  11<[, lr, clcx

Nadir Vleh,Arigle

RelativeA7,1n,Llt},A],gle

Raci, a,!ceValues ( 1 1 )

Figure7.  Databtrso schen)a forl AS7ER band.—. - .——.—.—.—- .———. —.._- .__.  —_ —. ___ .  .  .  .  . .___.-.. — —.

5



valms  t 0 cmwr Imrc utlusua]  cases lat cr. ‘1’hc set Of val tics fw Ilw cm: cases is p,ivcn in Talk 1 I

Tahlc  1 I - Iktubasc key ranges cowring the core set of CUSPS

———.—. — —— —..—..—......—.
PARAMIi’J’fiR  NAM}+—.—— . — . ——.—

JutJRc Paramctm (a.k.a. AcrmcJl  Size J>is{i ibu[im)

.—. ———. - -. —— ______
Aerosol Optical Depth

Mo]cclllat  Optical  DcpIh
—-— ..— — —.. ---

Sdar 7,cnith Angle.

Nadir View AnE1c

Relative Azimuth Ang,lc.—.———.——— ———-— —.—.. .

—.-——. .—- .-—-  .J.. ——--————. —_

SIil’ OF VALUI{S—-—-
2.0, ?.25, 2,S, 2.75, 3.0, 3.25, 3.5, 4,0
—  .- . . .—c .  — _ _ _ _ _ _ _ _ _ _
a]q)lc)ximatcly  180 valms ranging frmj 0.08610 .94
by itlcrcnwmls  Of apprc)xilwitcly  .004

0,(J5, 0.1, 0.15, o,?, 0.25, 0.3, 0.35, 0.4, ~.45, 0.S, -

0.55, 0.6, 0.65, 0.7, 0,7s, 0,8, 0.85, 0.9, 0.95
—- ———.—-..——.._—— — _ _ _ _ _
0.001, 0.031, 0.061, 0.091, 0.121

.. —- . — .—. — — — — — .
0.0, 18.194870, ‘2 S.841 930, 31.788330, 36.869900,
41.409618, 45,573002, 49.4 S8401, 53,130100,
56.632992, 60.000000, 63.256321, 66.42 18?2,

69.512680 (Ike alc [he. atuwsim of the numbm 1,

.95, .90, ,.., 35)
.. —-. ——.. — ————. ..— _____

2.0, 5.0, 8.0, 11,0, 14.0, 17.0, ?0.0

O, 30, 60, 90, 120, 150, 180
_ . —  _ _ _ _ _ _ ——



sixes d the t ht cc t ypcs of rmmds  aw rcspmtivcl  y 12, 64, find 56 bytes. S0 Ihc size Of a single subtablc  fully
p<lpulatcd  will) remrds  uwcring,  the cme cas<s is atmut  1 Gigfihytc. ‘1’hc 9 subtablcs  will lhcn lake up atml]( 9
Gigabytcs  (this clc~csn>l incl  udc space  fOl indexes, l)IodIIt w syst cl)) Ifiblcs, or olh tables iu the datahasc).

in addit icm tO the cm: ml Of cases, Ihc table will hc populated  witl}  a select cti s(ltmct Of cases fl Om thmc
cxnmlc.ct by t hc Iwy valms slwwt] in ‘1’able  J 11. lixacily  which special cases will bc ccwcrcd  is not yet detcm inc,d.

I’ab]c 1] I - ])atabas~ key  ranges jor extending f}lf? core set wilh special caises

.———...-. ——— ———.———
PAUAMriTER NAMH

Jungc  Paramclcr  (a,k.a. Actcml  Si~,c I)ish il)uticm)

Sinp,le  Scatter Al bc,do

Molcmlar  Optical  lkpth
—... —.——.
Scdal 7.cl~ith  Angle
—————.—-.——_——
Nadir View AIIg,lc.

_.— — .-. _— ——— ——...  .——..  ——. —.. .. ———--—  ——. .
Relative Azimuth An~lc———  . — . .——---- -—--— —-—--

—.. . ..—— — —————-————-. ——... —
S1{’1’ OF VAI,UI!S

. . .- -—.-————— .—— ——. . ..— —
,001, 1.(),  1.5, 4,25, 4.5, 5.0, 6.(I

- -  .——-—. _ _ _ _ .. ——. -
simila~  (0 values in lhc. cOrc scl Of cast’s

.-
samc as for the mrc set Of cases

sanlc as fw the cm: sC-1 Of cases

satlw as fw the Ccm! set Of cases

0, 1.0, 3.0, 4.0, 6.0, 7.0, 9.0, 10,0, 12.0, 13.0, ]5.0,
16.0, 18.0, 19.0, 22.0, 25.0, 28.0, 30.0

— — —  . .——— .—— —
same as fw cxm SCI Of CMSCS—-.—.———.—..——. . . . .—. J.. —-



< QtJIUtll~,S:. .—..  .

which is passed  to the prmxdurc  Q//er)’Aitt/[).~  fi4~jdcl,y. f;orcxamplc,  asstllllillg  tllc. ft~llc)wil~g  vcctc)rc)fj}aralllc:lcr
valms:  1, 2.64, .603,  .732, .102, 36.05, 10,5, 77,S, thcqucry  wouldtmmad~l  withihc  call

olIc:JY  ALIIIc.)SMC.~(lC:.lS 1, 2,64, , 6 [ ) 3 ,  .’/32, .202, 3[, .0!,, JO.!,, ‘/’[  ,5
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Now tk! value  of 7bIJl@elhIde.T,  s(orcd  in local varitiblc  @ 71.imfc.t’, crm IN used 10 index t ab]c Sut~ticeRmiianc  (’,$1

in pcrfmming  CICNM fit scardws fol the pat amctcr  values Single Scat tt~l A IImk, Ammo] Optical I>cpth, and
Mdccular  opical  Depth. These scatchcs  arc dmc by this SQ1, cmlc flwn t hc tmdy Of OmBand@Ieryl:
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‘J’llclrallslali{)lic)f  these bit-strings into fk)atil~~-pc)int  numbcls isdonc it) soflwam,  which  is dcsclikd  in the.next
scclion. I’hc proccdurc  Q/~ct]~Afttlo.$M[jdcl.~  aclually  rcturi)s IMWC than jlwt the two bit slring,s  - il alsoreturnsa
Iwcdcan  flag which  indicates wlwthcr  tlm query pmlucecl  r e s u l t s , t h e  vallws of 7hI/Iz’velfndex  and
,S//r~nceRcdia)lcrl)lde.r found,  and the, matching value found for each c)f the. eight q[wly  parameter va]ucs.
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h) additim, the, Sybasc @cn client  library rmims cm bc cumbcrsmc to USC. Fm mamplc,  10 iSSllC!  n

sinlplc  SQ1, qmry tO the server, rulricvc  the, rtwdts  for mc rOw and place tbc rtxults  in prwgmm  variahlcs requires
n lninilmm Of five calls  tc) rmttinc,s in the Sybasc librwy. 1 ‘f)r these rtmms,  a library Of database  acxms mulincs
was dcvdqwd, bawd m (@m Clim rwtincs. That way later cl~hatmluu~[s  could bc uwapsulatcd  in the library
C4X1C, atd M affcc[ the larger at mosphcric corwt ion softwai  c itself. The libmry is c.al Icd the Database Inmrfac.c
library (I)B. IF). Table IV gives  a list of the routims in the library and a brief dcscxipt im~ of Ihc futwtim of each

Table IV - Itoutims in the AS7’}<R database irttcr~ace  lihmry
..——. .—

ROLJI’l NIi NAMli
-.

dl)_if_~licl~tl,it}~allt~ack

—.
dl)_if-CJosc}Ial)  dlc

.———. -—. —

—— ..— ——
DIISCilP’1’10N

.—— — .  —  .—. -.— . — — .—— —
lnvokmi  when tbc Sylmc  client liblary  issues a callback; prints
infmlntitiwl  alwut the, Crlor  or watl)i])g.

——.

C1OSCS conmxtim  to dtitahasc, rc]cascs memory asswiatcd  with
mana~,cmcl)t  of commliu).

——-—— — —. —.. — . . ..— — — — .
Pcrfmlui  qm y givcl]  a list Of parameter vcclOls.

—-——. —— ..——
IMtricvcs  the surfac.c lt:flectancc  column for the t(lble.

— ——
OPCIIS  a gcmric cmwcticm to tbc database.

—— ..-
OImns tl cmncclicm tt) t}w (latabasc and also scluls  tlm internal
database ap]mpriatc. fu the rt:qucsted vcrsicm of tlw table.  Re.tricvcs
lhc rc.flcctancc  CC)IUIIMI,

ScI& a command  - usually  a SQI. statcmmt  - t<) the database server.

lnvolwd  if the Sybase server issues  a callback; p! ii~ts infmnaticm  abcm
the mm 01- warning.. . .—— .-. .— -.———— —.— — .

Thc Icmtinc, of most  interest is cib- r“_ fJ@/[’ry. I’hc following  excerpt from that  rwtinc’s  ~ code. shmvs

‘lhc. variab]c  lImdlc  is a data structuw which cmvrins  all cmt to] and status infmnat ion about the OIWN cwmc.ct im
to the data.server. The value of }lmd/e  would have bum rctutncd prcvimsly  by mm of tbc lout incs dh- i~_ Open 7ir/dc
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Imn made. 10 optimix the query pmccss.

As slmwn in 13gurc 1, the database is wganiml into n thrc..-lcvc]  talk slmct  w c, and querying takes place
in thrtz  g,t’oups  of discrcct  StCJ)S, one,  gfou]) on each lCVC1, At each level infcnmatim is frond that is mcd cm the
qm’y stcJ>s in the next Jcwc] down. For cxamp]c,  first  tJw top lCVCI  is queried to fi])d a value, for 7bplmellndcx.
T}\is  wluc  is thcm used to index the table cm the second level down lf a c]ucry wm IUWIC in which tlm cmmct value
fo]’  7bpf,evellndex were known before hand, the toplcvc] qmry steps muld bc skiJ}j}cd,  and the q[wry bcgill  OJI the.

.w.umd  ICVC1 down, Similarly, if the! appropriate val ucs of 7hpl,evellndc.~  and i$urJace Radiattceltldc.z WCJ’C ktmwn
hcfm  hand, the query could bcg,itl cm the Imtun ICVC1 with tatdc  A1.$afcllit{’Radifii~  co.sN. I’his latter  lyJw c]f q[wry
t akCs ]CSS than OJIC scxmd

111 many of the SCXMCS to hc prcmsst’d,  wc cmjcctulc  t]mt m~ly the instrumcm  view angle and nadir ajlglc
wi II cllangc itl the, cnmc Of a sum. If a SCCJIC is of utlifm’m  altitude and attnmJim’ic  conditions,  the c)JMica]  depth
va!(ns,  acmso] size distribution, and sing]c scatlcr  al bcdo WOII’r change over Ihc. SCCJK>., ]Jl proccssinf!,  a scx?,JK:  like
that, all lNN the, first query  could prmced  directly to lI]c bottom levc], since  the vtll ucs of Yb)jl.cvcl]ndex  and
,$li)~ac{,fidia)  ~c{,l~tdc.x wcmld JK)I change dut ing the SCMC,.  I X)ing 1350 qmrics for that sctmc  wc)tlld t akc lCSS than
1400 scmnds.

IlvcJ~ in scx’ms  with mmc atmmphc’1  ic varict y, it is likely that the single  scatter altmdc~ ald acmsol sim
dis[tibu{im  will change Jc.ss than the nwlcc!llar  and optics] depth valttc.s. ill that case, Jnany Of the qucric?s could
lw~,in with the second-lc.vcl, bccausc the, albulo and acmso] si~c distributim)  would Jwt have changed  from the last
quuy (CM almlhcr rtnmtly-dcm  query), and so 7bplmz’lhldrx  would he ktwwm. A qiwly of this type takes about
? (u 3 sccwnds,  which  is sig,r)ific.ant]y  fidslcr  than a query dwlc with  JK) foJ”C Iinmvlcdg,c.

I’his t ylw of q~lcry oplimix,at iwl is imJ}kJncmtc.d  ill t hc lout im! db- ij’_ik@(’)y. That mutitm  sets up and
maintains a quc,ry cache as a queue of queries and their results. liach tim the rwltinc  is called to do a query,  it first
scarchcs  the query cmhc, looking  for a succmsful query that  matchc.s  to SOJUC  dc,grc.c  the c.urrcnl query. The.rc arc
tlm’c dc.gtcc.s  of matching: a perfect retch, in which all scvc.n of the floatin~-]willt  quajlt it ic.s in the query J~aramctcr
vc.ctm  match; a 2-]cvc.] match, in whicJ) the Aot(j.rol,$izcl~i.strit  juti(})l and Singlc,$caf[rrA lhedo, AI’t(~,t(~lC)]~  ticalDe/~tll,

and M(~lec//larO/]ticalI) (’j]th match; and a 1 -]evcl  match, ill which OJ)] y the A{’r(J.$o/L$izc /)i,$tr;h/lfioll a nd
Si)t,q/r,\cat/(,rA/})(do  vall[cs  match,  If a pcrfc,ct match is fmmd with sOJ))C query in the cache, the query J’cs[l]ts  of
thal  qmry arc simply rcturmd to the caller without cmsulting  the datahasc  at all (in this case. a “query” takes only
lllicrc)-sc>.c{JJlds).  If a 1 -lCVCI  match is found, lhc qucly sent 10 tlw database inc]udcs  the Va]uc Of 7b11/.cvr//ndex,  so
that lhe query call begin  OJ) lhc Scmnd lc.vc1. ]f a 2-]cvc] malch  is fmmd,  t]lc software scJds a qucl’y which inc] lldc,s
values for both lhc h]]fmellndex and the ,$/(r~accRadia~tre/]tde.x,  thus allowing the actual  quc.ry to bcgij~ on the
i)C)ltoJ1l-]C\’C].
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Dlj<etl has been running since the winter 1995  on three Spate 2(I Sun wOlkstatiOns,  twO Of thcm dual
]MOCXNCM  machines, at the University of Arizona, ‘JIN SylMsc datascrvcr is running cm a Spare 10 wmkstatim at
JC.I PI opulsim  1 alwratwy. The program makes a cmnc.ctim  ftcm the lmst  machines at U. of A. acxw+s the. lntcmc.t
to thc databa.sc  Server at JP1,, Ocfisimal[y dc]ays dmwgh the cmncctim cause  crmrs it) t hc data inscrtim~ pru;css
hut fc~l {he nwst  lmtt  tlw ]>1 mess is quite, rwlmst.
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